Unclassified  


tCCuniTV  CLAStiriCATION  TMI*  PAOE  fW»l«n  Dtm  


REPORT  DOCUMENTATION  PAGE  I BEFORycOWPLETOIG^ORM 


NEPoAf  numbIr  7 a.  oovt  accemion  no.  » necipient-*  catalog  numben 

NAVTRAEQUIPCEN  lH-293  V 


« title  (md  auMiii.;  » type  or  pepopt  • pepioo  covepeo 

CROSS-SCAN  INVESTIGATION  FOR  CLOSED  CIRCUIT 

TELEVISION  June  1974-January  1975 


T,  AUTMOPfr; 


John  W.  Herndon 


• PEProPMINC  OPOANIXATION  NAME  AND  ADOPEtS 

Department  of  the  Navy 
Naval  Training  Equipment  Center 
Orlando,  Florida  32813 


II.  CONTPOLLING  orriCE  NAME  AND  AOOPESS 

Department  of  the  Navy 

Naval  Training  Equipment  Center 


NCV  NAME  • AOOPESKIf  diftaranr  I 


*■  PEPrOPMINO  OPO.  PEPOPT  NUMEEP 


pant  numb 


10.  PPOOPAM  ELEMENT.  PPOJECT.  TASK 
APEA  • BOPK  UNIT  NUMBEPS 


4781-6 


la.  NUMBEP  OF  PAGES 

15 


I CantrolMiiE  OWcd)  IS.  SECUPITY  CLASS.  (•!  »!•  npon) 

Unclassified 

ISa.  OECLASStriCATION/OOWNOPADlNO 
SCHEDULE 


IS.  oistpibution  statement  ca/ M<«  Papwr; 


Approved  for  public  release;  distribution  unlimited. 


IT.  OISTPIBUTION  STATEMENT  (dl  M*  akalracl  In  Bidet  SO,  It  ditidttnl  Sm  KeBdtt) 


D D C 


ilBnfSil 


If  KEY  BOPOS  (CdnIlmtd  on  tdrdtdd  eldd  II  mdeddddif  dd4  Iddnlllr  tr  tidek  nmtbdt) 


(U)  Closed  Circuit  Televison  Techniques;  (U)  Television  Raster  Systems; 
(U)  Closed  Circuit  Televison  Training  Device  Technology 


AMTMACT  (Cmttnu0  m fwm—  H Af  *!••«  mmmf) 

Line  structure  resulting  from  the  generation  of  a television  raster  is  dis- 
tracting In  visual  displays  used  for  simulating  real  world  scenes.  The 
objective  of  this  Investigation  was  to  seek  a possible  solution  to  the 
problem  by  means  of  utilizing  cross-scan  raster  generation.  It  was  hypo- 
thesized that  the  resulting  grids  would  break  up  the  solid  straight  line 
pattern  and  give  a more  uniform  and  less  conspicuous  appearance  to  the  display. 
Additionally,  an  Increase  In  picture  Infortnatlon  was  expected  due  to  the*^ 
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^ Increased  area  scanned. 

Five  different  cross-scan  schemes  were  investigated.  While  each  method 
yielded  an  Increase  in  area  coverage  and,  therefore,  an  increase  in  picture 
information,  sub-area  flickering  was  a problem  in  all  but  one.  It  was 
concluded  that  the  cross-scanning  technique  can  produce  a flicker-free 
raster  with  a more  pleasing  and  somewhat  less  conspicuous  pattern.  To 
achieve  ar\y  significant  improvement  in  line  structure  appearance  with  the 
cross-scanning  technique,  it  is  necessary  to  start  at  double  the  scan 
number  for  ary  given  standard  scan  number  for  which  a comparison  is  to  be 
made.  As  the  scan  number  is  increased,  the  bandwidth  must  also  be  increased 
and  system  noise  becomes  more  of  a problem.  In  light  of  these  findings, 
it  was  further  concluded  that  cross-scanning  can  provide  an  improvement  at 
the  lower  scan  numbers,  but  this  improvement  diminishes  for  the  higher  scan 
nunbers.. 
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SECTION  I 


INTRODUCTION 

A problem  of  using  television  displays  for  training  devices  Is  the  appear- 
ance of  the  line  structure  of  the  raster  which  Is  used  to  generate  the  two- 
dimensional  picture  of  the  face  of  a television  CRT  viewed  directly  or  as  pro- 
jected on  a screen  by  means  of  a television  projector.  A standard  television 
raster  Is  foniied  by  horizontal  scan  lines  .wherein  a first  field  Is  generated 
on  every  other  line  space  and  a second  field,  an  Interlace  field.  Is  generated 
on  the  line  spaces  between  the  first  field.  For  a low  scan  number,  the  total 
f number  of  television  raster  scan  lines  generated,  the  spaces  between  the  lines 

\ are  conspicuous  and  are  distracting  to  the  viewer  when  the  display  is  used  to 

simulate  a real  world  scene  for  training  purposes. 

■ In  view  of  the  stated  problem,  an  Investigation  was  performed  to  deter- 

mine the  feasibility  of  utilizing  a cross-scan  raster  to  decrease  the  marked 
appearance  of  the  line  structure. 
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SECTION  II 

STATEMENT  OF  THE  PROBLEM 

The  need  exists  for  training  device  displays  to 
distracting  effects.  Line  structure  appearance  resulting  frwi  the  f^eration 
of  the  television  raster,  is  a distracting  effect,  especially  when  the  total 
number  of  scan  lines  used  is  small  compared  to  the  space  which  JjJJ,®® 

by  the  raster.  Such  rasters  when  compacted  on  CRT  present  a fairly 

uniform  picture  and  the  line  structure  is  generally  not  detectable  from  the 
nonnal  viewing  distance.  When  the  same  n^er  of  scan  lines  are  used  in  a 
projection  system,  the  space  between  the  lines  is  magnified  many  and 

gives  the  appearance  of  viewing  the  scene  through  a partially  open  Venetian 

blind. 

The  need  to  minimize  line  structure  appearance  can  be  partially  satisfied 
by  increasing  the  total  number  of  scan  lines.  This  solution  gives  f|se  to 
other  problems  such  as  increased  bandwidth  requirements  and  resultant 
system  noise.  Little  was  known  as  to  the  effectiveness  of  different  types  of 
scan  systems  to  satisfy  this  need.  The  objective  of  this  task  was  to  make 
this  determination. 
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SECTION  III 
PROCEDURE 


The  procedure  followed  In  attacking  this  problem  consisted  of:  (1)  con- 
ceiving various  scan  systems  which  featured  cross-scanning;  (2)  breadboarding 
deflection  and  switching  circuits  to  produce  the  desired  rasters  on  a CRT; 

(3)  observing  the  effects  of  the  resulting  displays. 

Lacking  a CRT  with  electrostatic  deflection,  a Tektronics  547  Oscillo- 
scope was  selected  to  serve  as  a monitor.  Breadboard  deflection  and  switch- 
ing circuits  were  designed  to  produce  the  desired  raster  on  the  547.  The 
COHU  sync  generator  was  utilized  to  produce  the  required  TV  system  timing  and 
blanking  pulses.  The  generator  provided  for  a basic  1029  scan  line  system 
with  2:1  interlace;  this  produced  a field  of  514>s  scan  lines  in  a period  of 
16.66  milliseconds.  Normal  blanking  reduced  this  to  481%  active  scan  lines 
(a  loss  of  33  lines  during  the  blanking  period,  a period  which  also  encom- 
passes the  field  retrace  period).  The  horizontal  frequency  was  30870  Hz; 
this  gave  a line  period  of  32.4  microseconds.  Line  retrace  time  was  adjust- 
able for  the  tests  and  was  about  5 microseconds.  This  gave  an  active  line 
period  of  27.4  microseconds.  The  major  system  for  which  the  investigation 
could  apply  had  an  active  line  period  of  25  microseconds  and  a retrace  time 
of  7,4  microseconds. 
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SECTION  IV 
RESULTS 

The  results  as  well  as  descriptions  of  the  five  different  systems  Inves- 
tigated are  as  follows: 

a.  System  "A" 

(1)  System  description:  The  system  consisted  of  four  fields  each 
consisting  of  514%  lines.  The  sequence  of  developing  the  four-field  frame  is 
as  follows:  Field  No.  1 consisted  of  odd  lines  being  scanned  horizontally 
from  left  to  right  and  starting  at  the  top  of  the  raster  area  and  progressing 
downward.  Field  No.  2 Interlaced  the  first  field  by  scanning  the  even  num- 
bered lines.  Upon  completion  of  Fields  No.  1 and  2,  the  deflection  circuits 

were  so  switched  to  produce  Fields  No.  3 and  4 in  a direction  90°  from  the 
No.  1 and  2 fields.  Field  No.  3 followed  No.  2 and  scanned  odd  numbered 
lines  from  the  bottom  of  the  raster  to  the  top  and  progressed  from  left  to 
right.  Field  No.  4 Interlaced  No.  3 on  the  even  nunbered  lines.  The  above 
sequence  resulted  in  a raster  consisting  of  1029  lines  In  the  horizontal  di- 
rection and  1029  lines  In  the  vertical  direction.  The  aspect  ratio  was  ad- 
justed to  give  equal  height  and  width  of  the  raster  In  order  to  simplify  de- 
flection and  timing  requirements.  Additionally,  this  reduced  the  upper  cut- 
off frequency  requirement  by  having  fewer  picture  elements  to  produce  per  unit 
time.  System  "A"  Is  Illustrated  In  Figure  1. 

(2)  Results:  Due  to  the  small  raster  presentation  on  the  547  scope, 
the  cross-scan  raster  exhibited  no  visible  line  structure;  however,  when  ex- 
panded times  10,  the  effect  was  a clear  grid  with  line  structure  In  each  di- 
rection equivalent  to  that  of  a 1029  line  system  displayed  In  a 15-inch  raster 
height  and  width.  The  system  produced  significant  flicker  In  alternate  quar- 
ter sections  of  the  raster.  The  flicker  effect  becomes  significant  about 
one-third  the  distance  from  the  center  along  the  diagonal  and  Increases  toward 
the  coj-ner.  Both  the  upper  right  hand  and  the  lower  left  hand  corners  are 
affected.  It  Is  a result  of  the  area  In  question  being  scanned  early  In  the 
period  of  No.  2 field  and  not  again  until  late  In  the  period  of  No.  3 field; 
and,  simllarlly,  with  Fields  No.  4 and  No.  1.  One  such  point.  Element  A,  Is 
noted  In  Figure  1. 

It  was  also  noted  that  special  compensation  of  deflection  circuits  would 
be  required  to  give  the  desired  degree  of  registration  of  the  cross  scan. 

This  was  checked  by  designing  a test  bar  generator  and  applying  Its  signals 
to  the  raster  to  simulate  a video  Input.  Prior  to  this  system  test,  some 
work  was  accomplished  to  show  the  feasibility  of  circuits  that  might  provide 
the  required  compensation;  however,  this  was  not  pursued  at  this  time  because 
of  the  flicker  problem. 

The  cross  bar  pattern  when  displayed  by  the  cross-scan  scheme  exhibited 
higher  density  at  the  points  of  Intersection.  This  Indicates  there  was  an 
Increase  In  data  displayed  In  a given  Image  area.  The  Increase  Is  a function 
of  the  number  of  active  lines,  the  line  height  and  the  raster  height.  For 
a 15-Inch  high  raster  In  a 1029  line  system  and  a line  height  of  .015  Inches, 
the  calculated  Increase  In  area  covered  by  the  cross-scan  fields  Is  6.7 
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percent.  For  the  same  area  with  514%  lines  crossing  514^5  lines,  the  increase 
would  be  about  52  percent.  If  the  area  is  decreased  so  that  a given  number 
of  lines  are  overlapped  by  a specified  amount,  there  may  be  little  or  no  in- 
crease in  data  provided  by  the  cross  fields. 

b.  System  "B" 

(1)  System  description:  In  order  to  generate  the  same  number  of 
lines  in  the  same  period  as  for  the  single  direction  scan  1029  line  system 
with  2:1  interlace,  system  B was  devised.  It  consisted  of  514^  lines  in  the 
first  field  scanned  with  horizontal  lines  and  progressed  from  top  to  bottom 

of  the  raster  area.  The  second  field  was  scanned  at  90°  to  the  first,  with 
vertical  scan  lines  from  bottom  to  top  and  with  the  field  being  generated 
from  left  to  right.  This  gave  a 60  Hz  field  rate  and  a 30  Hz  frame  rate, 
matching  those  of  the  single  direction  1029  line  system. 

(2)  Results:  The  raster  exhibited  the  same  type  of  flicker  experi- 
enced with  System  "A."  and  for  the  same  reason.  Even  though  the  basic  field 
time  is  16.66  Msecs  (60  Hz),  there  are  areas  that  time  intervals  up  to  32 
Msecs  result  between  scans.  It  should  also  be  noted  that  the  overall  effect 
of  the  raster  is  a gridwork  of  514%  lines  in  each  direction;  the  line  struc- 
ture is  too  coarse  for  the  cross-scanning  to  reduce  the  appearance  of  line 
structure.  As  was  noted  near  the  end  of  paragraph  a(2),  above,  the  cross- 
scan under  these  conditions  will  add  about  52  percent  more  data  in  15  square 
inch  raster  area.  Figure  2 illustrates  System  "B." 

c.  System  "C 

(1)  System  description:  To  overcome  the  flicker  effect  of  the  above 
systems.  System  "C"  was  devised.  It  consisted  of  a cross-scan  raster  gener- 
ated a line  at  a time  in  each  direction;  i.e.,  line  1 in  the  horizontal  di- 
rection, line  2 in  the  vertical,  line  3 in  the  horizontal,  etc.  In  a normal 
field  time  of  16.66  Msecs,  257%  lines  are  crossed  with  257%  lines,  for  a 
total  of  514%  lines.  At  the  end  of  514%  lines,  the  raster  is  in  position  to 
start  the  interlace  during  the  next  16.66  Msec  period.  The  interlace,  once 
started  properly  by  the  position  of  the  first  period,  is  generated  in  the 
same  manner,  line  for  line,  as  the  first  field.  The  field  starts  halfway 
across  515,  falls  to  the  left  of  line  2 in  the  cross  field,  line  517  falls 
between  lines  1 and  3,  etc.  At  the  end  of  the  second  period,  the  frame  is 
completed  with  a total  of  1029  lines  in  the  raster;  i.e.,  514%  lines  in  each 
direction. 

(2)  Results:  The  raster  was  successfully  generated  without  signifi- 
cant flicker.  The  line  structure  was  a coarse  514%  x 514%  line  grid.  Al- 
though the  timing  Is  such  as  to  produce  a proper  interlace  in  a straight  1029 
line  system.  It  did  not  produce  proper  Interlace  with  the  cross  scan  1029 
line  system.  The  start  of  the  second  period  Is  at  the  midpoint  of  line  515 
In  the  center  of  the  top  of  the  raster;  It  Is  displaced  from  the  start  of  the 
1 by  half  a line  (this  Is  equivalent  to  16.2  usees  for  32,4  usee  scan  line). 
Line  516  Is  a cross-scan  line,  therefore,  the  next  Interlace  line  Is  517.  It 
Is  spaced  from  line  1 by  a space  equivalent  to  48,6  usees  and  from  line  3 by 
16.2  usees.  This  unequal  spacing  results  In  line  pairing,  another  type  of 
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undesirable  distortion.  Although  no  attempt  was  made  to  correct  this,  it  is 
probable  that  adjustments  in  timing  and  blanking  can  be  made  in  order  to 
achieve  a proper  interlace.  Figure  3 illustrates  System  "C.” 

As  was  noted  above,  there  is  about  a 52  percent  increase  in  data  content 
to  a TV  presentation  when  cross-scanning  is  used  for  the  following  conditions; 
514%  X 514%  line  raster  in  15  x 15  inch  area,  with  line  height  of  0.015 
inches.  The  calculation  is  as  follows; 

514%  - 33  ■ 481%  active  horiz  lines,  in  each  direction 

481%/ 15  ■ 32.1  lines  per  inch  of  height 

32.1  X .015  » 0.48  or  48  percent  of  available  height  scanned 

1 - .48  * .52  or  52  percent  of  available  height  is  space 

(.52  X 1)  - (.48  X 1)  = ,25  sq  inches  area  added  by  cross-scan 

.25/. 48  - .52  or  52  percent  added  area. 

d.  System  "D" 

(1)  System  description:  In  an  attempt  to  produce  a flicker-free 
raster  with  a 1029  line  structure  in  each  direction,  the  following  was  de- 
vised and  tested.  The  field  time  was  cut  in  half  (8.33  Msecs,  a 120  Hz 
rate).  The  total  frame  was  divided  into  two  subframes,  one  in  each  cross 
direction.  Each  subframe  consisted  of  four  fields  interlaced  4;1.  All 
fields  were  generated  in  sequence,  one  through  eight,  with  cross  field 
switching  taking  place  between  Fields  4 and  5, 

(2)  Results;  Significant  flicker  resulted;  apparently  between  sub- 
frames.  This  was  not  predicted,  but  there  may  have  been  enough  displacement 
between  every  fourth  field  due  to  the  interlace  to  cause  the  effect.  There 
was  no  isolated  area  flicker  as  in  systems  A and  8.  This  was  expected  since 
there  was  no  time  separation  between  given  areas  being  scanned  that  exceeded 
16  Msecs.  Line  crawl  was  expected  as  a direct  effect  of  the  4:1  interlace; 
however,  with  the  small  presentation  available  this  was  not  noticeable.  It 
is  obvious  that  with  such  a complex  system  that  interlace  phasing  and  timing 
are  quite  critical.  Figure  4 illustrates  System  "0." 


e.  System  "E" 

(1)  System  description:  Although  not  a true  cross-scan  system,  the 
following  Is  a variation  that  would  hopefully  be  free  of  flicker 
same  time  break  up  the  appearance  of  line  structure,  A normal  sub-field  with 
2:1  interlace  was  generated,  left  to  right;  the  deflection  direction  was  then 
reversed  to  generate  another  sub-field  with  2:1  Interlace,  right  to  left. 
Since  the  line  pitch  is  the  same  in  both  directions,  this  resulted  in  each 
line  being  crossed  by  a line  from  the  opposite  direction.  Jhree  cros^vers 
occurred  across  the  raster  with  lines  from  one  field  converging  with  those  of 
the  counterpart  field  from  the  opposite  direction.  This  scheme  was  performed 
with  514%  lines  per  field,  1029  lines  per  frame.  The  field  rate  was  60  Hz 
and  frame  rate  15  Hz. 
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(2)  Result:  Significant  flicker  resulted  at  the  sides  of  the  raster 
apparently  as  a result  of  every  other  field  converging  at  the  sides  and 
occurring  at  a time  separation  33.32  Msecs  which  yields  the  30  Hz  rate.  The 
cross  over  points  did  not  produce  an  undesirable  pattern  on  the  small  presen- 
tation; possible  this  would  be  troublesome  In  a large  raster  where  line 
structure  would  be  more  pronounced.  Figure  5 Illustrates  System  "E." 
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SECTION  V 
CONCLUSIONS 


Although  this  Initial  Investigation  merely  scratched  the  surface  of 
possible  avenues  of  research  In  developing  unique  scan  systems,  certain  as- 
pects were  demonstrated  that  provided  useful  Information  for  the  prediction 
of  results  on  similar  but  different  concepts  that  might  be  considered.  For 
instance,  any  pair  of  events  occurring  seqpentlally  and  separated  In  time  by 
over  24  Msecs  will  produce  the  flicker  effect.  Flicker  Is  more  pronounced 
when  scan  lines  or  fields  are  not  In  the  same  direction. 

It  Is  evident  that  the  cross-scan  concept  Is  feasible  and  can  be  used  to 
advantage  under  certain  conditions.  A cross-scan  of  514^  lines  In  each  di- 
rection does  not  produce  flicker  but  when  displayed  in  a 15-Inch  rater  height 
produces  a very  coarse  line  structure.  To  correct  this,  the  raster  height 
would  have  to  be  reduced  to  less  than  7 Inches;  the  resulting  raster  would  be 
equivalent  or  better  than  a 1029  scan  raster  in  15  inches.  To  achieve  a 
raster  of  greater  height,  maintaining  the  same  line  density,  the  number  of 
scan  lines  would  have  to  be  Increased.  This,  of  course,  would  demand  a 
greater  bandwidth.  A system  of  1029  lines  per  field  In  a period  of  16.66 
Msecs  would  require  a frequency  response  capability  up  to  about  36  MHz. 

Cross-scanning  can  also  result  in  flicker  which  develops  In  two  of  the 
quarter  sections  of  the  raster  area.  This  is  a result  of  the  area  in  ques- 
tion being  scanned  early  during  one  field  period  and  not  again  until  the  end 
of  the  adjacent  cross-scan  period.  This  Is  true  even  when  the  field  rate  is 
at  the  normally  flicker-free  rate.  Line-to-line  cross  switching  can  In  some 
cases  eliminate  this  effect. 

It  was  also  noted  that  the  higher  line  density  yielded  a smaller  percent 
of  data  imp»'ovement  by  the  addition  of  the  cross-scan  than  could  be  gained 
by  adding  the  cross  scan  to  the  lower  line  density  systems.  It  Is  obvious 
that  as  the  spaces  between  diminish,  there  Is  less  area  to  be  filled  In  by 
the  cross-scan  field;  In  fact,  when  the  lines  are  brought  together  and  over- 
lapped to  the  extent  necessary  to  produce  a flat  field,  there  Is  possibly  no 
gain  or  new  Information  added  by  the  cross-scan  field. 
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